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http://dx.doi.org/10.1016/j.jfma.201Background/Purpose: The Lower Extremity Functional Scale (LEFS) is a region-specific func-
tional outcome measure designed for patients with lower extremity musculoskeletal dysfunc-
tion. In this study, a Taiwan Chinese version was adapted and its validity and reliability were
tested.
Methods: The LEFS questionnaire was adapted and tested in 159 patients with lower extremity
disorders from two university hospitals. The Cronbach a-coefficient value was calculated for
internal consistency. Intraclass correlation coefficient (ICC), BlandeAltman plot, and minimal
detectable change (MDC) were used for evaluating the testeretest reliability and agreement in
40 patients followed up within 7 days. Construct and convergent/divergent validity were
examined by principal component analysis and correlation was examined with the Medical
Outcomes Study Short Form-36 (SF-36) questionnaire.
Results: The internal consistency and testeretest reliability of the adapted LEFS questionnaire
were satisfactory [Cronbach a: 0.98; ICC(2,1), 0.97]. The BlandeAltman plot of the two tests
showed a relatively consistent distribution, with limits of agreement in the range of 9.32 to
13.02. The MDC at 90% confidence interval was 9.6. One-factormodel was confirmed by principalave no conflicts of interest relevant to this article.
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314 W.-H. Hou et al.component analysis. Also, there was a moderate association between the LEFS and the physical
component scores and several subscales of SF-36, but not with the mental component scores.
Conclusion: The Taiwan Chinese version of the LEFS questionnaire is a valid and reliablemeasure
of health status for patients with lower extremity disorders.
Copyright ª 2012, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Musculoskeletal disorders of the lower extremities are
prevalent, and have great impact not only on personal
locomotion but also on daily living, working, leisure activ-
ities, and quality of life. The impact of the disease on
patients cannot be adequately reflected by laboratory
examination or physical tests alone. Moreover, the physio-
logic measures do not always correlate well with self-
reported functional ability or health. Therefore, it is
important to include capacity or performance of functional
activities to obtain a comprehensive evaluation of the
influence of disease/injury on the health status. Among the
many choices of measurement tools, self-reported
measures have the advantage of good feasibility, high
cost-effectiveness, and clinical relevance in patient-
centered care.1,2 Generic instruments, such as the
Medical Outcomes Study Short Form-36 (SF-36), are used
commonly, but they contain items irrelevant to the disease
of concern and may be less responsive than condition- or
disease-specific measures.3 In contrast, disease-specific
outcome measurements may be more sensitive to change
than region-specific or generic measurements, but their
application would be limited in cases with heterogeneous
diagnoses. Consequently, the region-specific measures
were hypothesized to be more applicable in patients with
variable severity, more responsive to clinical changes than
a generic instrument,4 and even similarly responsive in
comparison with disease-specific outcome measurements.5
The Lower Extremity Functional Scale (LEFS), a 20-item
region-specific self-reporting measure, is designed to assess
the functional statusofpatientswithorthopedic conditionsof
the lower extremity.6 The items are rated on a 5-point scale,
from 0 (extreme difficulty/unable to perform activity) to 4
(no difficulty), which allows us to investigate about the
degree of difficulty in performing different physical activities
because of problems in the lower extremities. It gives the
total score from 0 to 80, with high scores indicating better
function. In the past decade, LEFS has been applied to
a variety of lower extremity disorders, including fractures,
degenerative conditions, or soft tissue conditions.2,5,7e10 It
was also used for the evaluation of convergent validity of
other measurements, such as Morton mobility index,11
activity scale for arthroplasty patients,12 and Cumberland
ankle instability tool.13 However, it was not adapted in other
languages, except for Italian.14
Cross-cultural adaptation of questionnaires helps to
standardize outcome measurements between researches in
different settings, and the process is proposed to follow
standardized and systematic approaches.15 The psycho-
metric properties should be examined for the adapted
version and cultural and language differences should be
addressed. For example, questions related to sexual activi-
ties had lower response rates in several versions of theDisabilities of the Arm, Shoulder andHand questionnaire, and
this was attributed to a conservative attitude toward sexual
issues.16,17 Also,while testing the extended activities of daily
living scale, one item (manage own garden) was revised
based on the authors’ perception of a cultural difference and
two items (“make hot snack” and “write letters”) were later
deleted because of a lack of discriminative value.18
There were only a few adapted self-report measure-
ments for lower extremities in Chinese,19,20 and none of
them were region-specific. Our goal was to generate
a Taiwan Chinese version of LEFS and test its validity and
reliability in native patients with lower extremity disorders.
We hypothesized that the adapted version would have good
reliability and validity. Internal consistency, testeretest
reliability and agreement were tested. Besides, its
construct validity would be examined by principal compo-
nent factor analysis and convergent/divergent validity by
correlating with the physical and mental component
summary scores of a generic questionnaire, that is, SF-36.
Methods
Adaptation of the LEFS questionnaire
The adaptation of the original English LEFS questionnaire
was authorized by the author of the original English version.
The process of translation and adaptation followed the
guidelines recommended by a previous publication.15 In
summary, the questionnaire was translated by two bilingual
translators whose first language was Chinese. Then
a synthesized translation was formed and back-translated
by a bilingual translator to check for possible inconsis-
tencies between the translated and the original question-
naires. A pretest version was finalized after discussion
among the researchers and a group of experts in rehabili-
tation medicine, occupational medicine, and physical
therapy. The process of translation and pretesting was
generally smooth and the back-translation corresponded
well with the original version. For question 12 (walking
a mile), the distance was converted into the metric
equivalent as 1.6 km without rounding.
Patients
This was a prospective study, and involved recruiting
a convenient sample of participants from the orthopedic
wards and rehabilitation outpatient clinics in two university
hospitals between October 2010 and February 2011. The
eligible cases were at least 18 years old and had musculo-
skeletal disorders of the lower limbs. Those patients who
were illiterate, cognitively impaired, or had neurological or
cardiopulmonary comorbidities were excluded. The study
was approved by the ethics committee of National Taiwan
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from all the patients studied.Table 1 Demographic characteristics of the participants
at two stages of testing.
Variables Baseline
group
(N Z 159)
Re-test
group
(N Z 40)
Men 82 (51.6%) 15 (37.5%)
LEFS at baseline 31.6  27.4 37.2  24.9
PCS 25.9  13.8 29.3  13.3Data collection
First, the demographic information was collected, including
sex, age, occupation, martial status, employment, educa-
tional years, dates of disease onset and operation, diag-
nosis, and site(s) of disease. If the patients have undergone
operation, the disease duration was calculated from the
date of operation to the test date. Second, all the patients
answered the LEFS questionnaire and the Taiwan version of
the SF-36 questionnaire.21 The questionnaire consists of 36
questions, which represented 8 health concept subscales.22
The possible score of each subscale score ranges from 0 to
100, with high scores indicating more desirable health
states. The eight health concept scales were weighted and
summarized into two composite scores, namely, physical
and mental component summary scores. Each of the
component summary score is scaled to have a mean of 50
and a standard deviation (SD) of 10 for the general pop-
ulation of the United States.22
For testeretest reliability, the patients recruited in the
1st month of study answered LEFS within 7 days. The
patients were also asked to rate the global change of their
lower limb conditions between the two occasions as one of
the following: “much improved”, “moderately improved”,
“slightly improved”, “no change”, “slightly worsened”,
“moderately worsened”, or “much worsened”.MCS 48.6  8.7 47.9  9.3
Age (y) 46.8  17.6 54.9  18.8
18e40 57 (35.8%) 7 (17.5%)
40e65 83 (52.2%) 21 (52.5%)
>65 19 (11.9%) 12 (30.0%)
Married 118 (74.2%) 33 (82.5%)
Employed 91 (57.2%) 20 (50.0%)
Educational years 12 y 108 (67.9%) 26 (65%)
Duration (d)
14 93 (58.5%) 18 (36.2%)
15e60 11 (7.0%) 4 (10.0%)
60 55 (34.6%) 18 (45.0%)
Receiving surgery 97 (61.0%) 24 (60.0%)
Diagnosis
Osteoarthritis 33 (20.8%) 17 (42.5%)
Fracture 67 (42.1%) 13 (32.5%)
Minor soft tissue injury 32 (20.1%) 6 (15.0%)
Severe soft tissue injury 23 (14.5%) 3 (7.5%)
Others 4 (2.6%) 1 (2.5%)
Site
Hip 11 (6.9%) 5 (12.5%)
Thigh 6 (3.8%) 0 (0)
Knee 59 (37.1%) 22 (55.0%)
Leg 21 (13.2%) 3 (7.5%)
Ankle 18 (11.3%) 4 (10.0%)
Foot 12 (17.6%) 4 (10.0%)
Multiple injuries 16 (10.0%) 2 (5.0%)
LEFS Z Lower Extremity Functional Scale; MCS Z mental
component scale; PCS Z physical component scale.Data analysis
The total LEFS score was computed by summing up the
scores of each item. The completeness of item
responses, the distribution of each item, and the total
scores were examined. The magnitude of ceiling and
floor effects were calculated, with 15% being consid-
ered significant. The SF-36 questionnaires were calcu-
lated according to standard scoring algorithms21 to
obtain eight subscales scores and two composite scores,
i.e., mental component scale (MCS) scores and physical
component scale (PCS) scores.
Internal consistency was assessed by Cronbach a-coef-
ficient, corrected itemetotal correlation, and Cronbach a if
the item was deleted. Ideally, the total correlations of the
items should be between moderate and high levels, and
none of them increased more than 0.1 in total scale reli-
ability when any single item was deleted.
For the testeretest reliability, two-way random intra-
class correlation coefficients [ICC(2,1)] were computed.
Standard error of measurement (SEM) was calculated using
ICC and pool SD of the first and second assessment as O(total
variance)(1-ICC).23 The minimal detectable change (MDC)
was estimated by 1.65 SEM O2 and used as the threshold
to indicate real improvement (beyond measurement error)
for a single individual at the 0.90 confidence level.24
Furthermore, BlandeAltman plot was used to demonstrate
the within-patient variation and the limits of agreement,25
with the difference between the baseline and retest LEFS
scores as X axis and the mean of both scores as Y axis.We performed principal component analysis to confirm
the one-factor model proposed by the original authors and
the factor loading of each item was computed. Convergent/
divergent validity of LEFS was examined by calculating the
correlations with the subscales of SF-36 using the Pearson r-
correlation coefficient. The LEFS score was expected to be
moderately to highly correlated with the PCS score of SF-36
and its subscale scores (physical functioning, physical role,
and body pain), which measured physical function and pain,
but less correlated with the MCS score of SF-36 and its
subscale score (emotional role and mental health). The
statistical analysis was performed with SPSS version 13.0
(SPSS Inc., Chicago, IL, USA) for Windows.
Results
Demographic characteristics
A total of 174 patients participated in the study and 159
(91.4%) questionnaires were completed for analysis. The
Figure 1 Mean Lower Extremity Functional Scale (LEFS)
score of patients with musculoskeletal disorders of different
lower limb sites (A) and diagnosis (B).
316 W.-H. Hou et al.patients were on an average 46.8  17.6 years old, and
51.6% of them were men (Table 1). The diagnoses included
both traumatic and nontraumatic conditions. Fractures
were the leading diagnosis and knees were the most
common site affected.
Response distribution
The completeness of the questionnaire was good and no
patients reported difficulties in answering the question-
naire or skipped answers intentionally. The mean item
score ranged from 0.8 (question 17: running on uneven
ground; question 18: making sharp turns while running fast)
to 2.8 (question 15: sitting for 1 hour) (Table 2). The
skewness and kurtosis of the LEFS score were 0.30 and
e1.43 respectively, representing a right-skewed distribu-
tion. The LEFS score of all patients was 31.6  27.4 (range:
0e79, median: 29), and 18 patients (11.3%) of recent
(within 3 days postinjuries) fractures or traumatic injuries
obtained floor scores. The operated cases had significantly
lower scores than nonoperated cases (16.7  20.6 vs.
54.9  19.3, p < 0.001 by independent t test). The scores
were also different among lower limb sites (p < 0.001 by
one way analysis of variance test), with the lowest scores
for multiple-site injuries (Fig. 1).
Reliability
The internal consistency evaluated by Cronbach a was good
(0.98). The itemetotal score correlations ranged from 0.58
(question 12: sitting) to 0.92 (question 3: getting into/out
of bath; question 4: walking between rooms) and were
generally higher than 0.7, except for questions 15 (sitting)Table 2 Mean score, itemetotal correlation, and factor loadin
model.
Questions Mean sc
(standar
1. Work, housework, or school activities 1.5 (1.6
2. Hobbies, recreational or sporting activities 1.4 (1.6
3. Getting into or out of the bath 1.9 (1.7
4. Walking between rooms 2.1 (1.8
5. Putting on your shoes or socks 1.8 (1.8
6. Squatting 1.2 (1.5
7. Lifting an object 1.6 (1.6
8. Light activities 2.0 (1.8
9. Heavy activities 1.2 (1.5
10. Getting into or out of a car 1.9 (1.7
11. Walking 2 blocks 1.7 (1.7
12. Walking a mile 1.2 (1.5
13. Going up or down 10 stairs 1.5 (1.6
14. Standing 1.4 (1.5
15. Sitting 2.8 (1.6
16. Running on even ground 1.0 (1.5
17. Running on uneven ground 0.8 (1.3
18. Making sharp turns while running fast 0.8 (1.2
19. Hopping 1.1 (1.5
20. Rolling over in bed 2.7 (1.6and 20 (rolling over in bed) (Table 2).The Cronbach a, if the
item was deleted, did not increase by more than 0.1 for
each item, indicating that every item was relevant to this
population. Forty patients (25.2%) were successfullyg by principal component analysis according to 1-component
ore
d deviation)
Itemetotal
correlation
Factor loading
) 0.91 0.92
) 0.86 0.88
) 0.92 0.92
) 0.92 0.93
) 0.91 0.92
) 0.86 0.88
) 0.90 0.91
) 0.90 0.91
) 0.90 0.92
) 0.91 0.91
) 0.91 0.92
) 0.90 0.91
) 0.91 0.92
) 0.90 0.92
) 0.58 0.60
) 0.82 0.85
) 0.79 0.82
) 0.78 0.81
) 0.75 0.78
) 0.67 0.68
Table 3 Testeretest reproducibility of LEFS (N Z 40).
Mean score (SD) BlandeAltman analysis ICC (95% CI) SEM MDC
Baseline Reetest d (SD) LOA
LEFS 37.2 (24.9) 39.1 (23.0) 1.9 (5.7) 9.32 to 13.02 0.97 (0.95e0.99) 4.1 9.6
dZmean difference of the baseline and retest scores; CIZ confidence interval; ICCZ intraclass correlation coefficient; LEFSZ Lower
Extremity Functional Scale; LOAZ limits of agreement; MDCZ minimal detectable change; SDZ standard deviation; SEMZ standard
error of measurement.
Reliability and validity of Taiwan LEFS 317followed up in an average of 4.7  1.4 days (range: 3e7
days), and 90% of them reported no change or slightly
improved according to the global rating. The followed up
patients had similar demographic characteristics to the un-
followed cases, except that they were older and with
higher proportion of female cases (Table 1). The average
LEFS score increased by 1.9  5.7 (37.2  24.9 to
39.1  23.0) at the retest and the ICC(2,1) was 0.97 (95%
confidence intervals: 0.95e0.99) (Table 3). The SEM and
MDC were 4.1 and 11.4, respectively. The BlandeAltman
plot (Fig. 2) showed the differences between measures
from the two tests against the mean of the two tests for
each patient. The limits of agreement ranged from e9.32 to
13.02. The 95% confidence intervals for the lower limits and
the upper limits of agreement were e6.13 to e12.51 and
9.83e16.21, respectively.Construct validity
Principal component analysis identified one major factor
that had an eigenvalue of 15.1 and explained 75.7% of the
total variance. The factor loading of each item for this one-
factor model ranged from 0.60 to 0.93, with only three
questions less than 0.8 (question 15: sitting; question 19:
hopping; and question 20: rolling over in bed) (Table 2).
As we hypothesized, the LEFS scores significantly
correlated with the PCS scores (Pearson correlation coef-
ficient: 0.83, p < 0.001), but not with the MCS scores
(Pearson correlation coefficient: 0.14, pZ 0.08) (Table 4).
The scores also correlated moderately well with several
subscales of the SF-36 subscales, with Pearson correlation
coefficients ranging from 0.57 to 0.90. The correlation wasFigure 2 BlandeAltman plot for testeretest agreement of
the Lower Extremity Functional Scale (LEFS) scores. The plot
indicates the differences between measures from the two test
sessions (retest score minus baseline score) against the mean
of the two test sessions for each patient.the strongest for physical functioning, social functioning,
and body pain and was not significant with general health,
vitality, and mental health subscales. These findings sup-
ported a satisfactory convergent and divergent validity of
LEFS.
Discussion
This study demonstrates satisfactory reliability and validity
of the Taiwan Chinese version of LEFS, which is the first
adapted version in a nonwestern language. We did not find
any intentionally skipped questions or difficulties for our
patients to complete the questionnaire. The internal
consistency and testeretest reliability scores were high and
their correlation with the subscales of the SF-36 Taiwan
version supported our assumption that greater physical
rather than mental impact was captured by the LEFS
questionnaire. Overall, the results supported the use of the
adapted LEFS as an outcome measurement for orthopedic
conditions of the lower limbs.
The original version of LEFS was tested among outpa-
tients only,6 but had been applied to inpatients as well in
later studies.8,14 Including heterogeneous groups of inpa-
tients and outpatients in our study helped us to test the
clinical application in a wide range of diagnosis and
severity. In general, operative cases gained lower LEFS
scores than nonoperative ones; patients with fractures,
either operated or nonoperated, also gained low LEFS
scores. Among the 20 items of LEFS, “sitting” and “rolling
over in bed” were scored the highest, suggesting that the
patients had least difficulties in these two activities. The
above findings are supportive of the face validity of the
LEFS scale.
No ceiling or floor effect was observed by previous
studies, but we did observe 11% floor scores, which were all
reported by patients with recent onset of lower limb
traumatic injuries. Likewise, in one earlier study that
recruited inpatients in an orthopedic rehabilitation ward,
the participants gained mean and median LEFS scores of 13
and 12 upon admission.8 Therefore, floor effect is possible
in a population with recent and traumatic injuries of lower
limbs. The high proportion of low scores also raises the
concerns that greater change of scores is required for
a clinically meaningful change in these severely impaired
patients.26 Although the responsiveness of LEFS had been
evaluated,5,6,14 this issue was not well addressed yet.
Our study demonstrated satisfactory internal consis-
tency and testeretest reliability of LEFS, with Cronbach a-
coefficient to be 0.98 and ICC(2,1) to be 0.97. These results
are compatible with both the original and the Italian
version of LEFS.6,14 ICC was the most appropriate reliable
Table 4 Pearson r-correlation coefficient of the LEFS with the SF-36 scores.
SF-36 subscale Mean (SD) Range Pearson correlation
coefficient
p
SF-36 summary scales
PCS 25.9 (14.0) 7.0e57.4 0.83 <0.001
MCS 48.6 (8.7) 22.1e70.2 0.14 0.08
SF-36 subscales
Physical functioning 30.2 (32.7) 0e100 0.90 <0.001
Physical role 19.6 (36.4) 0e100 0.57 <0.001
Body pain 40.6 (25.1) 0e100 0.64 <0.001
General health 58.9 (19.0) 15e97 0.14 0.07
Vitality 61.8 (20.3) 10e100 0.10 0.23
Social functioning 42.9 (34.8) 0e100 0.78 <0.001
Emotional role 46.3 (39.0) 0e100 0.57 <0.001
Mental health 70.2 (16.6) 12e100 0.08 0.30
LEFSZ Lower Extremity Functional Scale; MCSZ mental component scale; PCSZ physical component scale; SDZ standard deviation;
SF-36 Z Short Form-36 questionnaire.
318 W.-H. Hou et al.parameter for repeated measurement on a continuous
scale, but its clinical interpretation was limited as
a dimensionless value between 0 and 1.23 Agreement
parameters, expressing on the actual scale of measure-
ment, would be more a characteristic of the measurement
instrument and therefore suitable for evaluative purpose
instead.23,27 Our results showed that the limits of agree-
ment ranged from e9.32 to 13.02 according to BlandeAlt-
man plot and only three patients with lower LEFS scores
and acute conditions were outside the range, indicating
a fair agreement. The SEM was estimated at 4.1 and MDC at
the 90% confidence level, with 9.6 for the rested sample. It
suggests that a change of more than 9.6 points of the LEFS
score is not likely to be attributable to chance variation or
measurement error. The results corresponded well to
several reports, with the range of MDC at 90% confidence
level to be 8.2e9.6,8,14
Construct validity was evaluated in several ways. We
performed principal component analysis to confirm the
single-factor construct as proposed by the original LEFS.6
The factor loading in current sample ranged from 0.60 to
0.93, the lowest for “sitting,” and the highest for “walking
between rooms.” In contrast, the analysis in the original
LEFS showed the lowest factor loading for “walking
between rooms,” and the highest for “performing heavy
activities around the house.” Consistent with previous
studies,6,14 there was a correlation between the LEFS and
PCS scores of SF-36 (gZ 0.83), but not with the MCS scores
(g Z 0.14). Among the eight subscales of SF-36, LEFSscores were significantly correlated with physical func-
tioning, physical role, body pain, social functioning, and
emotional role. It was postulated that these lower
extremity disorders had a great impact on personal
activities and participation, and could be captured by an
SF-36 and LEFS.
The main limitation of our study was the representa-
tiveness of a convenient sampling. A wide variety of diag-
noses, disease duration, and age of the participants had
been included and there was no evidence that the reli-
ability and validity of the questionnaire were hampered.
Clinical application in a diverse population should be
appropriate.
We conclude that the Taiwan Chinese version of the LEFS
is a valid and reliable outcome measure for patients with
lower limb orthopedic conditions. Nevertheless, its appli-
cation in a more wide-range diagnosis or severity should be
explored. Besides, the responsiveness of the adapted
version should also be investigated in future studies.Acknowledgments
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